on prostate cancer (LNCaP), human adenocarcinoma breast cancer (MDA-MB-231) and human gastric adenocarcinoma cell line (HDT). However, further investigations are required to validate efficacy of our produced inclusion using molecular analysis and in vivo studies.
Introduction
Nanoparticle technology is used to improve to bioavailability of compounds, particularly after oral administration [1] . Nanoparticles are used to modify the solubility properties of hydrophobic compounds for delivery to tissues [2] .
Recently several studies were conducted to determine the potential of hydroxypropyl-β-cyclodextrin (HPβCD), a cyclic oligosaccharide, to be developed as a carrier for therapeutic compounds. The HPβCD has a hydrophobic inner cavity and a hydrophilic external surface with diameter of 6.0 to 6.5 Å [3, 4] . This cyclic oligosaccharide is prepared by modifying β-cyclodextrin (β-CD) to include a hydroxyl propyl group using a base solubilised solution of β-CD with propylene oxide as treatment. The addition of the hydroxyl propyl group to β-CD had its solubility by more than 27 folds [5] [6] [7] . In clinical trials showed that HPβCD is safe and tolerated by subjects without the side-effects of β-CD [8] . The solubility characteristics of HPβCD can be benefitted to increase solubility for lipophilic active compounds and improve their bioavailability, while reducing toxicity and prolonging shelf-life [9] [10] [11] [12] [13] . Encapsulating a sufficient amount of the certain compound is one of the most wanted properties for cyclodextrin usage [14] . The HPβCD encapsulate a hydrophobic compound within an Abstract This current work has been conducted mainly to increase solubility and drug release properties for high hydrophobic Dentatin (DEN) by incorporation it into Hydroxypropyl-β-Cyclodextrin (HPβCD) cavity. To confirm that inclusion be succeeded, the produced complex were installed onto different machines. The latter includes: Fourier transform infrared spectroscopy (FT-IR), X-ray diffractometry (XRD), differential scanning calorimetry (DSC), and field emission-scanning electron microscopy (FE-SEM). The hydrodynamic diameter and zeta potential of DEN-HPβCD complex were 2.025 ± 0.39 nm and −33.6 mV, respectively. Ultra-violet spectroscopy was employed to further confirmation of complexation process as well as to determine drug release profile. The result showed an initial burst release (19.9% within first two minutes) and then a continuous release for an extended period of 41 h (100%). The solubility of DEN was enhanced by >300 fold following complexation when a compared to DEN alone. Moreover, MTT finding showed that this complexation did not reduce cytotoxicity of DEN after applying lipophilic aqueous component, while liposomes also entrap the hydrophilic drug within the outer layer [15, 16] .
Modern therapeutic compounds are challenged by their drug resistance and side-effects. As an alternative, researches are not geared to the discovery of products from plants with medicine values. One such plant is the wild shrub Clausena excavata Burm. F [17] . This plant family has approximately 150 genera and 1500 species largely distributed in tropical and subtropical parts of the world that include the Himalayas, Malaysia, China, Indonesia, Thailand and Southeast Asia [18] . The are many products from C. excavata with therapeutic properties, among them is the coumarin, Dentatin (5-methoxyl-2,2-dimethyl-10-(1,1-dimethyl-2-propenyl) dipyran-2-one) (DEN) that can be isolate from the roots of the plant with a molecular mass of 326.386 Dalton [19] . This compound was shown to be toxic to various cancer cell lines including prostate, liver, and colon cell lines by modulating the anti-apoptotic molecules Bcl-xL, Bcl-2, and Survivin expressions, inhibition of NF-κB nuclear translocation and the activation of mitochondrial-dependent caspase cascade [20, 21] . The solubility of DEN in water is very poor which leads to complications to its application in dosage forms.
In pharmaceutical science, maintenance the therapeutic window in the body system for a biologically active compound is difficult endeavour because the body in its defense attempts to clear compound that are potentially toxic quickly. One the best method of increasing efficacy of a drug is incorporate into a system that allows for sustained release [22] . In the form of sustained released composition, the concentration of the drug can be maintained at a constant drug concentration for a long period. This can be achieved via the nanoparticle carrier systems. There are several nanoparticle carrier systems being investigate for and some already commercialised for therapeutic use. The formulation of DEN-loaded HPβCD inclusion complex (DEN-HPβCD) is a first to be developed for the delivery of DEN. In this study, the DEN-HPβCD prepared and characterized to determine its physicochemical properties.
Methodology Materials
Clausena excavata Burm. F. used in this study was obtained from Pendang, Kedah, Malaysia, in December 2014. Dr Shamsul Khamis (Resident Botanist), a member of the Biodiversity Unit, Institute of Bioscience, University Putra Malaysia identified the plant. The plant materials were air-dried and broken into fragments and finally ground to powder. HPβCD (purity ≥ 98%) used in this experiment was purchased from Sigma Aldrich. Trypsin, phosphatebuffered saline (PBS), dimethyl sulfoxide (DMSO), Dulbecco's modified Eagle's medium (DMEM), 3-(4,5-dimethylthiazol-2-yl)-2,5 diphenyltetrazolium bromide (MTT), and trypan blue dye were bought from Sigma Chemical Company (St. Louis, MO, USA). All the chemical materials and reagents used were of analytical grade. Throughout the experimental steps, ultrapure water was used.
Extraction and identification compound
Clausena excavata roots were extracted at room temperature (25-27 °C) by employing organic solvent. Chloroform was used to extract the coarse C. excavate root powder (1432 g), which was kept in two 5 L flasks for three days and then filtered. Rotary evaporation was used to concentrate the extracts at 45-50 °C under reduced pressure. The extracts were completely dried to yield crude extracts. A column chromatography over silica gel stepwise gradient elution system was employed to obtain fractions of the extracts. Through these extracts, DEN was isolated from second fraction in the form of white needle-shaped crystals and then characterised by nuclear magnetic resonance (NMR), electron impact mass spectra (EI-MS) [21] .
Phase solubility study
Solubility study was done according to the by Higuchi and Connors 1965 [23] . An excess of DEN was added to ethanol and slowly mixed with 10 mL ultrapure water containing several concentration of HPβCD (0, 2, 4, 6, 8, and 10 mM). The suspensions were then continuously stirred for 72 h at 25 °C until dissolution equilibrium comes into view (clear solution). The samples were then filtered through 0.45 μm nylon filters (waters, USA). The concentration of DEN in the mixture was determined spectrophotometrically at λ of 288.6 nm. The apparent stability constants, K, were derived from the phase solubility diagram using the equation: K = Slope/S 0 (1-slope), where S 0 is the intrinsic solubility of the drug in water.
Preparation of the inclusion complex
The DEN-HPβCD complex (DEN-HPβCD) was prepared using the freeze-drying method. This requires preparing DEN solutions in HPβCD at 1:1 molar ratio; 0.3264 g DEN was dissolved in 5 mL chloroform, which was mixed with 1.4 g HPβCD in 20 mL of ultra-pure water. The mixture was stirred at room temperature for 72 h and then filtered using 0.45 μm filter paper. The resultant clear solution was frozen at −80 °C, which was subsequently freeze-dried for 24 h at −55 °C.
Drug loading
The loading amount of DEN in the complex was determined using a Perkin-Elmer Lambda 35 UV-visible spectrophotometer. A known weight of complex (1.2614 mg) was placed in a 10 mL volumetric flask, and 0.5 mL of 1 mol/L HCl solution was added. The concentration of DEN in the solution was determined at 0.236445 mg/ml using the standard curve of a series of standard solutions of known DEN concentrations. The drug load and encapsulation efficiency were calculated by Equations (1) and (2), respectively.
where A is the weight of drug (DEN) in the complex, B is the gross weight of complex, C is the total weight of drug, and D is the weight of drug (DEN) that remained in the liquid medium after encapsulation. A parallel to that, standard for DEN vs Absorbance was drawn.
Characterisation
The potassium bromide (KBr) disc technique was used to examine the FT-IR spectra of compounds and the technique was performed using FT-IR spectra 100 (Perkin-Elmer, USA). A scanning range of 4000 to 250 cm −1 at an ambient temperature was chosen to determine the FTIR measurements. X-Ray diffractometer (Panalytical X, Pert Pro MPD) model was chosen to perform Powder XRD analysis, which used CuKα radiation, λ 1.5406 A 0 . Differential scanning calorimetric analyses (DSC) were carried out at a temperature range of 25-200 °C with a heating rate of 10 °C/min under a nitrogen atmosphere (N 2 flow rate 50 mL/min) on a Mettler Toledo instrument (Switzerland). The surface morphology of the samples was examined using a field emission scanning electron microscope (FESEM, JSM-7600F, JOEL, Japan). A Zeta Sizer Nano ZS (Malvern Instruments Ltd, Malvern, UK) with dynamic light scattering was used to measure the hydrodynamic size and zeta potential of DEN-HPβCD dispersion (1 μg of DEN-HPβCD complex dissolved in 1 mL of ultra-deionized water). UV-Vis spectra were recorded with Perkin-Elmer Lambda 35 UVvisible spectrophotometer. The UV-Vis absorption spectra of the DEN, HPβCD and DEN-HPβCD complex were recorded against a reagent blank (ethanol) prepared with the same reagent concentration.
(1) Drug loading = A∕B × 100
Release Study of DEN from DEN-HPβCD inclusion complex
Release of DEN from the DEN-HPβCD inclusion was determined. The DEN-HPβCD (85 g) was place in 250 mL phosphate-buffered solution of pH 7.4. The amount of DEN released into surrounding solution was determined using the UV-visible spectrophotometer at 388.1 nm (model Lambda 35; Perkin-Elmer). The absorbance was readed every one minute up to 4500 min. The increasing in absorbance is proportional to the dissociated quantity of DEN.
Cell line and cell culture
Human gastric adenocarcinoma cell line (HDT) and human adenocarcinoma breast cancer cells (MDA-MB-231) and the normal human breast (MCF-10a) cells obtained from American Type Culture Collection were maintained in Dulbecco's Modified Eagles medium (DMEM).The Roswell Park Memorial Institute medium 1640 (RPMI 1640) was used to grow the human prostate cancer (LNCaP) cells. Both media were supplemented with 10% foetal bovine serum, 1% amphotericin B and 1% penicillin-streptomycin. The cells were maintained in a humidified incubator maintained at 37 °C and under 5% CO 2 and examined frequently under an inverted microscope (Micros, Austria).
Cytotoxicity assay
The 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay was employed to determine the effect of DEN and DEN-HPβCD on the cancer cells. Cells seeded in a flask were washed twice with 2 mL phosphate-buffered saline (PBS) and incubated with 1 mL of trypsin in 37 °C under 5% CO 2 for 5 min to detach. Five millilitres of DMEM were then added to the flask and the cells stained with trypan blue and enumerated using a haemocytometer.
Both DEN and DEN-HPβCD complex solutions was dissolved in culture media serially to concentrations of 1.56, 3.125, 6.25, 12.5, 25, 50, and 100 μg/mL. One hundred microliters of 1 × 10 5 cells/mL of each cancer cell line was added to the assigned wells of a 96-well culture plate. Control wells contained cell-free DMEM solution with or RPMI 1640 and untreated cells. The plate was incubated in 37 °C under 5% CO 2 for 24 h before the medium was removed and 100 μL each of DEN and DEN-HPβCD complex solution at various concentrations added to the respective wells. The plate was incubated for another 72 h at 37 °C under 5% CO 2 . At the end of the treatment period, the medium was removed and the wells replenished with fresh medium and 20 μL of 5 mg/mL MTT solution added. The plate was again incubated at a temperature of 37 °C under 5% CO 2 for 4 h, the medium discarded and replaced with 100 μL of DMSO to dissolve the formed formazan crystals. The experiment was done in triplicates. The culture plates were shaken for 5 min and read in an ELISA reader (model, manufacturer) to determine the absorbance (OD) at 570 with reference wavelength of 630 nm. The anti-proliferative activities of the treatment compounds were determined as follows:
where OD Sample is the absorbance of the sample, OD Blank is the absorbance of the blank, and OD Control is the absorbance of the control.
Results and discussion

Compound isolation and identification
The EI-MS and 1 H NMR results are consistent with those reported earlier by (Nakamura et al. 2009 ) [24] and (Songsiang et al. 2012 ) [25] . The EI-MS analysis indicated the presence of molecular ion peak at m/z (326), which corresponds to the molecular formula of DEN (C 20 H 22 O 4 ) (Fig. 1) . As depicted in (Fig. 2a) , the spectral data 
Phase solubility analysis
The phase solubility diagram for DEN and HPβCD obtained based on the methods of Higuchi and Connors 1965 (Fig. 3) can be categorised as AL-type. The solubility of DEN increases linearly with increase HPβCD concentration. The stability constant K was obtain from the linear portion in the phase solubility diagram described by the following formula.
where S 0 represents the intrinsic solubility of DEN when HPβCD is not present in the solution. (Table 1) shows the value of the stability constant K from the phase solubility assay. Determination of stability constant K is useful because it reveals rate of drug dissociation from capsule to surrounding media. This was found to be the best suited to enhance the drug solubility and stability, which enables its controlled release from the inclusion complexes [26] .
The phase solubility analysis showed that DEN-HPβCD complex increases stability and solubility of DEN. The aqueous solubility of DEN was 0.035 mM that increased to 10.99 mM when in complexation with HPβCD showing that water solubility of DEN had increased by more than 300 times. The ability of HPβCD to improve solubility of compounds was also previous shown when β-Lapachone was incorporated in a complex with the carrier [27] . Nevertheless, the reliability of the obtained satisfactory solubility of the DEN-HPβCD complex is proven by these results. This will be beneficial for the medical application of DEN.
Drug load and encapsulation efficiency
Drug load and encapsulation efficiency are parameters that determines the suitability of a compound to be used as a drug carrier. In this study, drug-loading and encapsulation efficiency of DEN in HPβCD was 18.7 and 99.1%, respectively, which is better that loading of most alkaloids [28] .
Fourier transform infrared spectroscopy
The FT-IR spectroscopy is a method to show complex formation of a guest molecule with a carrier. The FT-IR spectra of DEN, HPβCD, physical mixture and DEN-HPβCD complex are shown in Fig. 4 . A band is present at 2968, 3007 cm −1 , which shows that there is C-H stretching of the aromatic ring. A strong band at 1722 cm −1 can also be seen that corresponds to the C=O of the carbonyl group. C=C aromatic group is presented by the band at 1586 cm −1 . K = slope∕S 0 (1 − slope) Fig. 1 Electron impact mass spectrum (EI-MS) of dentatin, X-axis represent mass over charge (m/z). Y-axis represent relative intensity. The last peak (326) was represented molecular weight of dentatin and the long peak represented base peak (molecular weight of dentatin without CH3 group)
The peaks in the range of 1323-1460 cm −1 represents the alkane (-C-H) groups. Ester groups and ether group ranges are represented by the peaks in the range of 1084 to 1282 cm −1 . The peaks in the range of 713-970 cm −1 represent the alkene (=C-H) groups. (Fig. 4b-d) represent the FTIR spectra of HPβCD, physical mixture and DEN-HPβCD, respectively. However, after the inclusion complex was formed, considerable changes in the FT-IR spectra were discovered. In the inclusion complex (Fig. 4d) , most bands in DEN were not seen. This observed changes in the FT-IR spectra of DEN combined with HPβCD due to the restriction of the vibration of DEN molecule after encapsulation into the HPβCD cavity. At the same time, many peaks in the HPβCD were shifted slightly and enhanced its intensity in DEN-HPβCD inclusion complex spectra. In addition, an extra peak at 1725 cm −1 was seen in DEN-HPβCD complex spectra which belonging to the carbonyl group of DEN. These results indicate that the DEN-HPβCD 
X-ray diffraction
A useful method to detect the complexes in crystalline and amorphous states is by X-ray diffraction (XRD) analysis [33] . Hence, the complexation between DEN and HPβCD was further investigated by XRD. The XRD patterns for DEN, HPβCD, physical mixture and DEN-HPβCD complex are shown in (Fig. 5) . Various highintensity sharp peaks were revealed by XRD patterns of DEN at several diffraction angles (2θ) of 9.05°, 11.42°, 14.42°, 15.51°, 18.84°, 19.60°, 23.24°, 25.27°, 27.30° and 30.07°, which are evidences that the DEN is crystalline (Fig. 5a) . The same diffraction peaks clearly appeared in the physical mixture which indicate to absence the interaction between DEN and HPβCD (Fig. 5c) . On the other hand, apart from two broad halos, HPβCD pattern did not show any sharp peak. This shows that the HPβCD is amorphous (Fig. 5b) . The DEN-HPβCD no longer exhibit the typical peaks where all the diffraction peaks of DEN were completely vanished. Lack of crystallinity is evidence to happened complexation between DEN and HPβCD. Furthermore, this behaviour leads to the formation a new solid phase which represented by converted the crystalline phase to amorphous phase. However, The study shows that DEN in complex with HPβCD was not crystalline but instead adopted the amorphous nature of the carrier [34, 35] . The same findings has been reported by (Eid et al., 2011) [36] , when used HPβCD to prepare complex with zerumbone. 
Thermal analysis
Thermal analytical techniques including differential scanning calorimetric (DSC) are used to determine the physical state of the molecules and compounds [37] . Incorporation of molecules into a carrier changes their boiling, sublimation, and melting points to various temperatures within temperature range HPβCD decomposition [38, 39] . The DSC pattern for DEN shows a sharp endothermic peak at 85.6 °C, which is its melting point (Fig. 6a) . The DSC thermogram of the HPβCD shows a broad endothermic peak 100 °C that are corresponds with loss of water molecule at that temperature (Fig. 6b) . On the other hand, the DSC pattern of DEN was observed in the physical mixture, but with marked reduction of less intensity. This marked changes attributed to the fusion between DEN melting and HPβCD decomposition which due to interaction of the vicinity of the two effects. Furthermore, the marked reduction in intensity of the melting peak aforementioned result is a clear single of the low DEN to HPβCD molar ratio (1:1). In addition, the obvious existence of DEN melting peak in the physical mixture is proved evidence that no true inclusion complex was formed between DEN and HPβCD (Fig. 6c) .
In the DEN-HPβCD pattern, the endothermic peak occurs at 78.98 °C. The analysis shows the melting point of DEN-HPβCD is not the same with either of DEN, HPβCD or physical mixture. As can be seen from (Fig. 6d) , the melting peak of DEN was vanished completely, this evidence to the molecular encapsulation of DEN in to the HPβCD cavity. However, The DEN-HPβCD is amorphous in nature unlike the crystalline pure DEN [40] .
Filed emission scanning electron microscopy (FE-SEM)
The surface morphology of DEN, HPβCD, physical mixture and DEN-HPβCD complex were analysed using the FESEM technique. FESEM images analysis of all the samples are depicted in (Fig. 7) . Pure DEN forms a crystalline structure of various sizes. HPβCD appears to be porous, spherical with cavities. The scanning electron microscopy of physical mixture showed same surface morphology of ingredients when scanning them separately, Both the characteristic crystals of DEN and spherical particles of HPβCD were clearly observed in the physical mixture, this indicate there is no complexation occurred between DEN and HPβCD. In addition, the specific morphology of HPβCD which represented with porous and spherical shape disappeared as a result of complex formation with DEN. However, the DEN-HPβCD complex exhibited irregularly amorphous pieces with various dimensions, which were relatively different from the shapes and sizes of DEN and HPβCD particles. These analyses confirmed the existence of new solid phase that are due to the formation of the inclusion complex [41, 42] .
Size and zeta potential
The particle diameter was found to be 2.025 ± 0.39 nm as shown in (Fig. 8a) , while the zeta potential for the DEN-HPβCD complex suspensions was −33.6 Mv (Fig. 8b) . Besides the biomolecular approach, it is well known that surface charge, shape, and size are the primary parameters of colloidal particles for cellular uptake [43] . Size analysis showed that the hydrodynamic diameters of DEN-HPβCD complex were 2.025 nm which approximately form 37% of the total reading, and the another peaks were larger than proposed with average 380.7d.nm and the PDI was 0.616. This may suggest that our complex tends to aggregate in deionized and double-distilled water, and their low zeta potential of −33.6 mV indicates that the formulated complex have poor electrostatic repulsion characteristics and thus are of incipient instability. At this zeta potential (−33.6), the produced complex would not repel particle aggregation in suspensions for long-term stability. Generally, the cells have fewer uptakes of particles with negative charge compared to those with positive charge, which might be attributed to the attractive or repulsive interaction between the negatively charged cell membrane and positively/negatively charged particles [44] . The magnitude of the zeta potential indicates that the low degree of electrostatic repulsion conferred its low stability. 
Ultraviolet absorbance analysis
The UV-Vis spectra of DEN is presented as a function of HPβCD at 25 °C. The pattern of DEN spectrum changed only slightly upon complexing with HPβCD (Fig. 9 ). This is consistent with results shown by other studies when oxybenzone was incorporated of into β-CD and albendazole into cyclodextrin. The pattern of the UV-Vis spectrum of molecule alone and those of their complexes did not vary significantly [45] . There was only a small shift to a higher wavelength of the absorbance peak from 288.6 nm of DEN alone to 291.5 nm of the DEN-HPβCD. The wavelength shift is consistent with the intensity of DEN-HPβCD complex than free DEN [46] .
Release behaviour of DEN
To investigate the DEN release behavior from the complex, the inclusion were incubated in phosphate buffer pH 7.4 release media and assessed by UV spectra-photometry [47] [48] [49] . However, the after initial burst effect, release of DEN from DEN-HPβCD became more gradual (Fig. 10a ). All incorporated DEN was released only after more than 40 h of incubation. This study shows that the DEN-HPβCD complex is an excellent form of delivery of DEN for therapeutic effect.
Release kinetics of DEN from the DEN-HPβCD complex
The data of the cumulative release of the DEN from the complex were described by three kinetic models, which are described as follows: Zero-order model equation:
where qt is the amount of drug dissolved in time t, q0 is the initial amount of drug in the solution and K0 is the zero order release constant expressed in units of concentration/ time. The results indicated that the release of the DEN from the complex followed the Zero-order.
(1) q t = q 0 + k 0 t Kinetic model, with a best fit value for the correlation coefficient (R 2 ) at 0.95791, as shown in Table 2 and Fig.  (10b) .
Cytotoxicity assay
In this study the cytotoxicity activity of both DEN (dissolved in organic solvent DMSO) and DEN-HPβCD complex against human adenocarcinoma breast cancer (MDA-MB-231), prostate cancer (LNCaP) and human gastric adenocarcinoma cell line (HDT) was determined by using MTT assay. The cells were treated with different concentrations (1.5-100 µg/mL) for 72 h. This study showed that DEN and DEN-HPβCD complex have significant cytotoxicity effects against HDT and LNCaP cells at concentrations (100, 50, 25, 12.5, 6.25 and 3.125) (P < 0.05) compare with the control. In contrast, there is no significant effects on cells growth at lowest concentration 1.560. In another hand, MDA-MB-231 showed sensitivity for all DEN concentrations. While there is no significant effects at the lowest concentrations (3.125 and 1.560) when treated with DEN-HPβCD complex. The IC 50 values (concentration causing death of 50% of tested cells) of DEN and (Table 3) . DEN dramatically showed high cytotoxicity effect on all human cancer cells line in a dose-dependent manner. Previous studies carried out by Ismail et al. (2013) showed similar toxicity against Estrogen Receptor positive (ER+) MCF-7 with 6.1 µg/ mL as IC 50 while DEN has showed 5.58 µg/ mL as IC 50 against Estrogen Receptor negative (ER-) MDA-MB231 cell line in our current study. According to the mentioned study above, DEN showed less side effect on the (MCF-10 a) normal cells when a compared to cancer cells [50] . In turn, exposure to HPβCD alone didn't exhibit a notable growth inhibitory against normal cells (MCF-10 a) after 72 h. DEN-HPβCD complex showed a growth inhibition against all treated cells. However, the drug incorporated onto HPβCD cavity exerts less toxicity against all cancer cells than that seen with DEN dissolved in DMSO. These variety in reduction of cells viability between DEN and DEN-HPβCD may be attributable to role DMSO and the time needed for drug release; hence, the gradually release of DEN from complex will prolong the exposure time [51] . Thus, the DEN dissolved in organic solvent exhibited more cytotoxic effect against three cancer cell lines when a compared to DEN incorporated into HPβCD cavity.
Conclusion
Inclusion complex of DEN and HPβCD (1:1) molar ratio was prepared in aqueous solution at room temperature. The resulted DEN-HPβCD complex was characterized by XRD, FT-IR, DSC, FESEM and UV-Vis. All the characterization results appeared that DEN incorporated inside the cavity of the HPβCD. Furthermore, drug release study showed modify profile of drug release which prolong exposure time of compound. According to the above findings, we conclude that successful incorporation between DEN and HPβCD leaded to improve physiochemical properties of DEN such as solubility, stability and bioviability. However, the inclusion complex, with HPβCD as a carrier, is a new drug and compound delivery system that has great potential for application in the biopharmaceutical industry. The DEN-HPβCD complex is a good candidate for the development of a new compound for the treatment of cancers.
